WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT CCX)PERATION TREATY (PCD 



(51) International Patent Classification 6 : 
C12N 1/21, 15/75 



Al 



(11) International Publication Number: WO 99/41358 

(43) International Publication Date: 19 August 1999 (19.08.99) 



(21) International Application Number: PCT/DK99/00064 

(22) Internationa] Filing Date: 10 February 1999 (10.02.99) 



(30) Priority Data: 

0201/98 



12 February 1998 (12.02.98) DK 



(71) Applicant: NOVO NORDISK A/S [DK/DK]; Corporate 
Patents. Novo Alle. DK-2880 Bagsvaerd (DK). 

(72) Inventor: J0RGENSEN, Steen, Troels; Novo Nordisk a/s, 
Novo Alle, DK-2880 Bagsvaerd (DK). 

(74) Agent: NOVO NORDISK A/S; Corporate Patents, Novo Alle, 
DK-2880 Bagsvaerd (DK). 



(81) Designated States: AL, AM. AT, AU, AZ, BA, BB, BG, BR, 
Br5?7cA, CH, CN, CU, CZ, DE f DK t EE, ES, FI, GB, GD, 
GE, GH. GM. HR, HU, ID, DL, IN, IS, JP, KB, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX. NO, NZ, PL, PT, RO, RU, SD, SE, SG. 
SI. SK, SL. TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZW, 
ARTPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR. IE. IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM. GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: A PROKARYOTIC CELL COMPRISING TWO COPIES OF A GENE TRANSCRIBED IN DIFFERENT DIRECTIONS 
(57) Abstract 

any information essential for cell growth, e.g. an antibiotic resistance gene. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI C6te d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MB 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML 


Mali 


TT 


IE 


Ireland 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mexico 


UZ 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


YU 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




KR 


Republic of Korea 
Kazakstan 


PT 


Portugal 




KZ 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation • 




LI 


Liechtenstein 


SD 


Sudan 




LK 


Sri Lanka 


SB 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 99/41358 PCT/DK99/00064 

1 

A PROKARYOTIC CELL COMPRISING TWO COPIES OF A GENE TRANSCRIBED IN DIFFERENT DIRECTIONS 



FIELD OF INVENTION: 

5 A prokaryotic cell expressing a gene of interest and 

comprising at least two copies of said gene on the chromosome. 

BACKGROUND OF THE INVENTION: 

Prokaryotic multicopy production cells, i.e. cells 

10 comprising more than one copy of a gene of interest, have been 
used for production of proteins of interest at industrial scale* 
Preferred multicopy production cells are cells which 
stabile maintain the individual copies of the genes of interest 
during fermentation. 

15 Further, due to environmental concerns there is an 

increasing desire for production cells which do not comprise any 
integrated antibiotic resistance genes on the chromosome and 
according to this line production cells which are capable of 
stabile maintaining the copies of the gene of interest in a 

20 fermentation medium NOT comprising an antibiotic. 

EP 284126 describes a solution to the stability issue 
above by providing a method for constructing a prokaryotic cell 
comprising on the chromosome at least two copies of a gene of 
interest separated by endogenous DNA, which is vital (essential) 

25 to the host cell (see claim 1 of EP 284126) . 

The individual copies of the gene of interest are stabile 
maintained in a fermented cell population due to the essential 
DNA. If a cell crosses out this vital DNA by homologous 
recombination between the two copies of the gene of interest, 

30 the cell looses vital DNA and this specific cell will die. 

Thereby it is possible to maintain a stable cell 
population comprising the copies of the gene of interest. 

The method requires a knowledge of which DNA regions are 
vital to the cell. Alternatively, the gene is integrated on very 

35 distant places in the chromosome to have a high probability that 
there would be vital DNA between the copies (see figure 2 of EP 
284126) . This is a relatively laborious process and uncertain 
process. 
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SUMMARY OF THE INVENTION: 

The problem to be solved by the present invention is to 
provide a prokaryotic cell expressing a gene of interest and 
comprising at least two copies of said gene on the chromosome. 

Further, said prokaryotic cell should be 

a) stable in the sense that during fermentation it is 
able to maintain two copies of the gene on the 
chromosome ; and 

b) able to stably maintain the two copies of the gene 
without having a DNA segment, situated between the 
two copies of the gene, which segment is essential 
for the growth of the cell as described in e.g. EP 
284126. 

The solution is based on that the present inventor has 
identified that it is possible during fermentation to stably 
maintaining two anti-parallelly transcribed copies of a gene on 
the chromosome of a cell (see figure 1) and the two anti- 
parallelly transcribed genes can be stably maintained even 
without having a DNA segment, situated between the two copies of 
the gene, which is essential for the growth of the cell. 

Accordingly, in a first aspect the present invention 
relates to a prokaryotic cell expressing a gene of interest 
characterised in that, 

i) the cell comprises on the chromosome two anti- 
parallelly transcribed copies of said gene of 
interest ; and 

ii) any DNA segment situated between the two copies of 
the gene of interest under item i) only comprises a 
DNA sequence which is not essential for the growth 
of the cell. 

In a second aspect the present invention relates to a 
method for constructing a prokaryotic cell expressing a gene of 
interest comprising the construction of a cell wherein 

i) the cell comprises on the chromosome two anti- 
parallelly transcribed copies of said gene of 
interest ; and 
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ii) any DNA segment situated between the two copies of 
the gene of interest under item i) only comprises a 
DNA sequence which is not essential for the growth 
of the cell. 

In a third aspect the invention relates to a method for 
production and isolation of a polypeptide of interest, 
comprising 

i) culturing a prokaryotic cell according to the first 
aspect of the invention under suitable conditions 
permitting expression of the polypeptide of interest 
encoded by the gene of interest; and 

ii) isolating the polypeptide of interest. 



One of the advantages of a prokaryotic cell, as described 
herein, is that said two copies of a gene are anti-parallelly 
transcribed (i.e. either convergent ly or divergently 
transcribed) , which minimises the risk that one copy of said 
gene will be lost from the cell by homologous recombination, as 
compared to when the genes are parallelly transcribed (see 
figure 1 for illustration) . 

This implies a further advantage of said prokaryotic cell, 
since it is then possible to have a stable integration of said 
two copies of a gene, without having a DNA segment situated 
between the two copies of said gene, which are essential for the 
growth of the cell. 

Accordingly, there is no need for integrating the 
individual copies of the gene of interest at very distant places 
on the chromosome as described in EP 284126 (see figure 2 of EP 
284126) . This makes it relatively simpler to construct a 
prokaryotic cell (as described herein) as compared to the 
construction of a cell of EP 284126. See below for further 
details on preferred ways of construction of a prokaryotic cell 
as described herein. 

Further, in the art said DNA segment essential for the 
growth of the cell has been an antibiotic resistance marker gene, 
which has been used to construct prokaryotic cells comprising more 
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than one copy of a gene of inter st (see e.g. EP 166 628 and WO 
94/14968) . 

Accordingly, a further advantage of a method for 
constructing a prokaryotic cell, as described herein, is that it 
5 provides a simple method of producing a prokaryotic cell which 
expresses a gene from two copies of said gene, without the cell 
comprising an introduced antibiotic resistance gene. 

DEFINITIONS : 

10 Before describing the invention in details, terms of the 

independent aspects of the invention will be further defined 
below. 

The term " a gene " indicates herein a gene (a DNA sequence) 
will is capable of being expressed into a polypeptide within 

15 said cell. Accordingly, said gene sequence will be defined as an 
open reading frame starting from a start codon (normally "ATG", 
"GTG", or "TTG") and ending at a stop codon (normally "TAA", 
TAG" or "TGA") . 

In order to express said gene there must be elements, as 

20 known in the art, in connection with the gene, necessary for 
expression of the gene within the cell. Such standard elements 
may include a promoter, a ribosomal binding site, a termination 
sequence, and may be others elements as known in the art. 

The term " two ant i -para 1 le i lv transcribed copies of sajfl 

25 gene " denotes herein that said the genes are either convergently 
or divergently transcribed, i.e. present in opposite orientation 
relative to each other. See figure 1 for a graphic illustration. 

The term " the cell comprises on the chromosome two anti- 
parallelly transcribed copies of said ge ne of interest" , in 

30 connection with a prokaryotic cell according to the invention, 
indicates that said prokaryotic cell comprises at least said two 
copies of the gene of interest situated as described in the 
first aspect of the invention. Besides these two copies of said 
gene of interest said prokaryotic cell may comprises further 

35 copies of said gene on the chromosome. 

Said further copies may be two further copies of said gene 
situated according to the invention on a distinct place on the 
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chromosome, or may be just single copy/ copies of said gene 
situated on another part of the chromosome. 

The term " a DNA segment which only co mprises a EH& 

sequence which is not essent ial for the growth of the cell" 
5 indicates a DNA segment that if it is crossed out (deleted) from 
the chromosome of said cell, then the cell is still capable of 
growing at substantially the same growth rate, under similar 
growth conditions, as compared to before said DNA segment was 
deleted. 

10 In contrary when a DNA segment is termed "essential for 

growth of the cell" this indicates than if said DNA segment is 
deleted from the cell then said cell will NOT be capable of 
growing at substantially the same growth rate, under similar 
growth conditions, as compared to before said DNA segment was 

is deleted. 

Such an essential DNA segment, may be a part of the 
parental (wild-type) chromosomal sequence (as e.g. described in 
EP 284126) , or may be an selectable marker gene, such as an 
antibiotic resistance marker gene, wherein said selectable marker 
20 may have been introduced on the chromosome (see e.g. EP 166628? WO 
9414968) . 

Embodiment(s) of the present invention is described below, 
by way of examples only. 

25 DRAWINGS: 

Figure 1; 

Part A illustrates two genes, situated on the chromosome of 
a cell, which are parallelly transcribed. As shown by crossed 
lines one copy of said gene may be lost from the cell by 

30 homologous recombination of the identical DNA sequences. 

Part B illustrates two genes, situated on the chromosome of 
a cell , which are divergent transcribed . In this situation no 
direct identical sequences are found between the two genes, 
consequently, the risk of homologous recombination between the two 

35 genes, leading to the loss of one of the gene copies, is 
drastically minimised. 
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Part C illustrates two genes, situated on the chromosome of 
a cell, which are convergent transcribed. As for part B there is 
no homologous recombination between said two genes. 

Figure 2i 

This figure illustrates a preferred strategy to construct a 
prokaryotic cell as described herein. 
Part A: 

The DNA segments "ABC" and "DEF" are on the chromosome 
within the cell. 

The DNA segments "ABC", "123" , "456", "XXX" (gene of 
interest), and "DEF" are introduced into the cell, preferably on a 
temperature sensitive plasmid. 

Part B: 

After homologous recombination between the DNA segments 
"ABC" and "DEF" the chromosome now comprises "ABC", "123", "456", 
"XXX", and "DEF" . 

A new plasmid in then transformed into the cell comprising 
the segments "123", "XXX", and "456", wherein the gene "XXX" is 
transcribed in opposite direction as compared to part A. 

Part C: 

After homologous recombination between the DNA segments 
"123" and "456" the chromosome now comprises "ABC", "123", "XXX" 
"456", "XXX", and "DEF", wherein the genes of interest "XXX" are 
anti-parallel transcribed. In the specific example shown here they 
are divergently transcribed. 

Figures 3-14: 

Those figures show plasmids used in working examples 1 to 3 
herein to make a prokaryotic cell, according to the invention, by 
a method for constructing a prokaryotic cell, according to the 
invention. 

Consequently, reference is made to examples 1 to 3, for 
further description of said plasmids. 

Figures 15-29: 

Those figures illustrate strategies and plasmids used in 
working example 4 herein to make a prokaryotic cell, according to 
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the invention, by a method for constructing a prokaryotic c 11 , 
according to the invention. 

Consequently, reference is made to example 4, for further 
description of those figures. 

5 

DETAILED DESCRIBTION OP THE INVENTION: 

In an embodiment of the invention the gene of interest, 
according to the aspects of the invention described above, is a 
gene which is capable of expressing a polypeptide which are 
10 secreted from the cell. 

Such a gene may preferably encode a fusion polypeptide 
comprising a signal peptide and the secreted mature polypeptide. 
Such signal peptides are well known in the art. 

In a further embodiment of the invention, said gene 
15 encodes an enzyme. Such an enzyme may be an protease, amylase, 
cellulase, lipase, xylanase, phytase, and other enzymes known in 
the art. 

In an even further embodiment of the invention, said 
prokaryotic cell is a gram positive prokaryotic cell, such as a 
20 Bacillus cell or a Streptomyces cell. 

Preferred Bacillus cells are species such as Bacillus 
subtilis, Bacillus licheniformis , Bacillus lentus, Bacillus 
alkalophilus , Bacillus amyloliquefaciens, Bacillus clausii, 
Bacillus circulans, and a Bacillus thuringiensis cell. 
25 Further, an embodiment of the invention relates to that 

said DNA segment, which is situated between two copies of said 
gene, is at least 10 bp long, more preferably from 10 bp to 6000 
bp, and even more preferably from 75 bp to 4500 bp long. 

An further embodiment of the invention relates to that said 
30 DNA segment, which is situated between two copies of said gene, 
further does not comprise a gene encoding a screenable protein, 
such as a Green Fluorecent protein (GFP) . Such a screenable pro- 
tein may be used to construct a prokaryotic cell comprising more 
than one copy of a gene of interest (see DK 0792/97; and WO 
35 99/01562 for a further description of such screenable proteins). 

An even further embodiment of the invention relates to a 
prokaryotic c 11 of the first aspect of the invention or a method 
of the second aspect of the invention, wherein said DNA segment, 
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which is situated between the two copi s of the gene of 
interest, does not comprise an antibiotic resistance marker 
gene, such as an ampicillin resistance gene; an erythromycin 
resistance gene; a kanamycin resistance gene; a neomycin 
5 resistance gene; or a chloramphenicol resistance gene. 

See e.g. working example 3 and 4 for examples of such 
antibiotic resistance marker gene free cells of the invention. 

Said method according to the second aspect of the 
invention and its embodiments described herein may be performed 

10 according to any of the in the art known techniques for 
introducing DNA segments/ fragments into the chromosome of a 
prokaryotic cell, in particular any of the known techniques for 
introducing said DNA segments into the chromosome by homologous 
recombination. A preferred strategy is to transform a cell with 

15 a plasmid comprising said DNA segment of interest and a 
temperature sensitive origin of replication. The cell in then 
cultured a the non-permissive temperature for replication of 
said plasmid and the plasmid recombine with the chromosome 
within the cell by homologous recombination. 

20 For further description of such methods reference is made 

to EP 0 284 126; EP 166 628; WO 94/14968; Maniatis, T. , Fritsch, 
E. F., Sambrook, J. "Molecular Cloning. A laboratory manual". Cold 
Spring Harbor Laboratories, 1982; Ausubel, F. M. , et al. (eds.) 
"Current Protocols in Molecular Biology". John Wiley and Sons, 

25 1995; Harwood, C. R. , and Cutting, S. M. (eds.) "Molecular 
Biological Methods for Bacillus". 

General strategies for performing said method according to 
the second aspect of the invention and its embodiments described 
herein are disclosed in working examples herein (see example 3 

30 and 4) . 

A preferred strategy, based on homologous recombination, 
is shown in figure 2 herein. See working example 4 for an 
practical example of this strategy. 

An advantage of a method as described in a working example 
herein and as described in figure 2, may be that the two copies of 
the gene of interest are inserted by a precise mechanism into the 
same locus in the host chromosome. This is preferable if a 
particularly well-suited locus for such a gene is known. 
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Accordingly, an embodiment of method for construction a 
prokaryotic cell expressing a gene, of the invention, is wherein 
the two copies of the gene of interest are inserted by a precise 
mechanism into the same locus in the host chromosome . 

The specific culturing conditions under step i) and the 
specific isolation protocol of the polypeptide of interest under 
step ii) of the method for production and isolation of a 
polypeptide of interest according to the third aspect of the 
invention may be performed according to any standard protocol 
known to the skilled person. 

As stated above, an advantage of a prokaryotic cell as 
described herein is that it is stable in the sense that it 
during fermentation is able to maintain the two copies of said 
gene on the chromosome. 

Accordingly, it is specially suitable for large scale 
industrial fermentation ■ s . 

Such large scale industrial fermentation's may be 
characterised by that a) the polypeptide of interest is produced 
at a relatively high yield or b) that a large scale fermentation 
process is used . 

Consequently, an embodiment of the method for production 
and isolation of a polypeptide of interest, of the third aspect 
the invention, is wherein the culturing of a prokaryotic cell of 
item i) is done under conditions wherein the polypeptide of 
interest is expresses in an amount of at least 2 g polypeptide 
(dry matter) / kg culture medium; preferably in an amount of at 
least 3 g polypeptide (dry matter) / kg culture medium; and most 
preferably in an amount of at least 5 g polypeptide (dry matter) 
/ kg culture medium. 

Further, an embodiment of the method for production and 
isolation of a polypeptide of interest, of the third aspect the 
invention, is wherein the culturing of a prokaryotic cell of 
item i) is in a fermentation process on a volume scale which is 
> 10 m 3 ; preferably > 25 m 3 ; more preferably > 50 m 3 ; and most 
preferably > 100 m 3 . 
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MATERIALS AMD METHODS 

In vitro DNA work, transformation of bacterial strains 
etc. were performed using standard methods of molecular biology 
(Maniatis, T. , Fritsch, E. F., Sambrook, J. "Molecular Cloning. A 
laboratory manual". Cold Spring Harbor Laboratories, 1982; Au- 
5 subel, F. M. , et al. (eds.) "Current Protocols in Molecular Biol- 
ogy". John Wiley and Sons, 1995; Harwood, C. R. , and Cutting, S. 
M. (eds.) "Molecular Biological Methods for Bacillus". John Wiley 
and Sons, 1990) . 

If not otherwise mentioned enzymes for DNA manipulations were used 
10 according to the specifications of the suppliers. 

Media used (TY, BPX and LB agar) have been described in EP 0 506 
780. LBPSG agar is LB agar supplemented with phosphate (0.01 M 
K3PO4) , glucose (0.4 %) , and starch (0.5 %) . 

15 Example 1. Deletion of the a-amvlase (amvL) promoter from the B. 

llcheniformis chrom osome. 
1A. Plasmid constructions: 

The a-amylase (amyL) gene from B. licheniformis was cloned on a 
2.4 kb Sphl-Hindlll fragment resulting in plasmid pDN1981 (Fig. 
20 3), as described by Jorgensen et al., 1990. "kan" denotes the 
pUBHO derived kanamycin resistance gene, and "PamyL" denotes 
the alpha-amylase promoter region. 

(Jorgensen, P. L., Hansen, C. K. , Poulsen, G. B. , Diderichsen, 
B. (1990) . In vivo genetic engineering: homologous recombination 
25 as a tool for plasmid construction. Gene 96, 37-41.) 

PSJ2433 (Fig. 4) contains the first 450 basepairs of this sequ- 
ence, denoted UPS_PamyL, cloned into pUC19 (Yanish-Perron et 
al., 1985 (Yanish-Perron, C, Vieira, J., Messing, J. (1985). 

30 Improved M13 phage cloning vectors and host strains: nucleotide 
sequences of the M13 mpl8 and pUC19 vectors. Gene 33, 103-119)), 
and was constructed as follows: pDN1981 DNA was used as template 
for PCR amplification with primers LWN4739 + LWN4740, the re- 
sulting 0.5 kb fragment digested with EcoRI and Hindlll, ligated 

35 to EcoRI+Hindlll digested pUC19, and transformed into E . coli 
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S3 2 (Diderichsen et al. , 1990 (Diderichsen, B. , Wedsted, U. , He- 
degaard, L. , Jensen, B. R. , Sjeholm, C. (1990). Cloning of aldB, 
which encodes a-acetolactate decarboxylase, an exoenzyme from 
Bacillus Jbrevis) ) by electroporation selecting ampicillin resis- 
5 tance (AmpR) , 200 ug/ml . "bla" denotes the pUC19 ampicillin re- 
sistance gene. 

Two transformants were kept as SJ2433 and SJ2434. Identity of 
the insert was confirmed by DNA sequencing of the ends, but the 
entire insert was not sequenced. 

10 

LWN4739 

Hindlll Kpnl PstI Nhel SphI < amyLV2 464-437- 

5 • -TGAGTAAGCTTGGTACCCTGCAGGCTAGCGCATGCGCTGAGATACAGTTACCAATT- 

15 > 

GATAGCC— 3 » 

LWN4740 

EcoRI Xbal < amyLV2 18-43 > 

20 5 ' -TGAGTGAATTCTCTAGACCTTCTTTGTGCTTGGAAGCAGAGCC-3 " 

pSJ2454 (Fig. 5) was derived from pSJ2433 by ligation of a 0.5 
kb Pstl-Kpnl fragment from the a-amylase (amyL) gene on pDN1981 
(denoted 'amyL') to Pstl+Kpnl digested pSJ2433 and transforma- 
25 tion of E. coll SJ6 (Diderichsen et al., 1990) by electropora- 
tion, selecting AmpR, 200 ng/ml. 

pSJ1327 (Fig. 6) contains a pC194 (Horinouchi and Weisblum, 
1982. (Horinouchi, S., and Weisblum, B. (1982). Nucleotide se- 

30 quence and functional map of pC194, a plasmid that specifies 
chloramphenicol resistance. J. Bacterid., 173, 559-567)) de- 
rived cat gene inserted into a polylinker in a pUC19 derivative. 
The cat gene, which specifies chloramphenicol resistance, was 
excised from pDN1600 as a 1.0 kb BamHI-Bglll fragment, ligated 

35 to BamHI digested pDN3000 (Diderichsen et al., 1990), and trans- 
formed into E. coll SJ6 selecting AmpR (200 ug/ml) . 
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pSJ2643 (Fig. 7) contains the cat gene inserted between the two 
amyL derived segments in pSJ2454. The cat gene was excised as a 
1.1 kb Nhel-Xbal fragment from pSJ1327, ligated to Nhel digested 
5 pSJ2454, and transformed to E. coli SJ6 by electroporation, se- 
lecting chloramphenicol resistance (CamR, 6 |ig/ml) , to create 
pSJ2643. "Plac" indicates the pUC19 derived beta-galactosidase 
promoter . 

10 pSJ2650 (Fig. 8) contains the XJPSJPamyL-cat- 9 amyL 9 segment on a 
temperature-sensitive Bacillus plasmid. pSJ2643 was digested 
with Xbal + Hindlll, the 2.0 kb fragment isolated, ligated to 
the 5.1 kb Nhel-Hindlll fragment from pSJ980 (Fig. 9; United 
States Patent 5,698,415 ), and transformed into B . subtilis 

is DN1885 (Diderichsen et al., 1990) competent cells selecting CamR 
and kanamycin resistance (KanR) , 6 *ig /ml and 10 ng /ml, respec- 
tively, on LBPSG plates (WO 96/23073)), to give pSJ2650. "repF" 
indicates the pE194-derived replication protein gene, "+ ori 
pE194" indicates the pE194 replication origin, and "erm" indi- 

20 cates the erythromycin resistance gene of pE194. This may also 
be denoted "ermC" . 

IB. B. llchenlformis transformation; 

The B. lichenlformis strain described in example 6 of United 
25 States Patent 5,698,415, which contains one chromosomal copy of 
the a-amylase (amyL) gene expressed from a mutant amyL promoter, 
was used as host strain. pSJ2650 was introduced into this strain 
by protoplast transformation (Akamatzu and Sekiguchi, 1984 
(Akamatsu, T. , Sekiguchi, J. (1984). An improved method of pro- 
30 toplast regeneration for Bacillus species and its application to 
protoplast fusion and transformation. Agric.Biol. Chem. , 48, 
651-655)), selecting for erythromycin resistance (ErmR, 2 |ig/ml) 
at 30 °C. Regenerants were isolated after two weeks incubation. 
Three strains were kept, SJ3034, SJ3035, and SJ3036. 

35 

IC. Chromosomal integration and ex cision; 
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Strains SJ3035 and SJ3 036 were streaked on plates with 6 [iq /ml 
chloramphenicol and 5 \ig /ml erythromycin, and incubated at 50 
°C. 8 amylase-negative colonies from each strain were checked by 
PGR amplification using primers LWN4726 + LWN3825, and all gave 
5 an amplified fragment of the correct size. The amplified frag- 
ment extends from the Ncol site within the cat gene to a posi- 
tion in the amyL gene 157 bp downstream from the Kpnl site, 1007 
basepairs in total. This fragment will only arise if pSJ2650 has 
integrated via the 'amyL 9 homology. 

10 

LWN3825 

<-amyLV2 1341-1322-> 
5 ' -CTGCTGCGACATCAGGATGG-3 • 

15 LWN4726 

<-pDN3060 548-528 — > 
5 1 - CATGGACTTCATTT ACTGGG - 3 ■ 

Each colony was taken through two consecutive overnight incuba- 
20 tions in 10 ml TY medium (WO 91/09129) without antibiotics at 30 
°C, plated on plates containing 6 ng/ml chloramphenicol, repli- 
ca plated after overnight incubation at 30 °C to plates contain- 
ing 6 ^ig/ml chloramphenicol plus/minus 5 |*g/ml erythromycin, and 
putative erythromycin sensitive colonies restreaked on the same 
25 type of plates. 

Three chloramphenicol resistant, erythromycin sensitive strains 

were isolated: 

SJ3047 from SJ3 035, colony 1. 

SJ3 048 from SJ3035, colony 2. 

30 SJ3049 from SJ3036, colony 1. 

Integration of the cat gene into the amyL promoter region was 
confirmed by southern analysis, 

A restriction map of the amyL gene region had previously been 
35 constructed, revealing the amyL promoter to be situated on a 
3.35 kb Hindlll fragment and on a 1.9 kb Clal fragment. 
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The replacement of the stmyL promoter with the cat gene should 
give a net insertion of 835 basepairs. No additional Hindlll or 
Clal sites are inserted with the cat gene. 

Consequently, chromosomal DNA was extracted from SJ3047-49, di- 
5 gested separately with Hindlll and Clal, separated on agarose 
gels, transferred by vacuum blotting to immobilon-N membranes, 
and probed with pSJ1325 (a pUC19 plasmid containing the cat 
gene) 32 P-labelled by nick-translation. 

10 Hybridization was to a 4.2 kb Hindlll fragment in SJ3047 and 
SJ3048, as expected, but to a somewhat larger fragment in SJ3- 
049. Hybridization was to a 2.7 kb Clal fragment in SJ3047 and 
SJ3048, again as expected. 

is consequently, strains SJ3047 and SJ3048 which are amylase- 

negative have the amyL promoter replaced by a cat gene, as de- 
sired. 

Example 2. Isolation of an improved g -amvlase (amvL) promoter., 

20 2A. Plasmid co nstructions. 

United States Patent 5,698,415 claims variant promoters derived 
from the B. licheniformis amyL promoter. With reference to claim 
1 in the above patent, such a variant promoter is a fragment of 
the sequence given in this claim, in which N 2 -N 9 has the se- 

25 quence ATGTATCA. Such a variant promoter was constructed by in- 
corporating the desired mutation into a long PCR primer (#28902) 
covering the amyL promoter region. Another PCR primer, LWN3216, 
reads upstream from a position spanning the PstI site in the 
AmyL signal peptide coding region. Together, these primers allow 

30 PCR amplification of a variant amyL promoter fragment. 

#28902: 

Xbal SphI < fragment of sequence 

5 1 -GCTCTAGAGCATGCTGGAAGAAAATATAGGGAAAATGGTA- 
35 given in claim 1, US Patent 5,698,415 

CTTGTTAAAAATTCGGAATATTTATACAATATCAT^TGTATCAC- 
-> 
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ATTGAAAGGGG AGGAGAATCATG- 3 ■ 
LWN3216: 

5 • -GCTGCTGCAGAATGAGGCAG-3 1 

5 

A mobilizable, temperature-sensitive plasmid containing the 
variant promoter flanked by amyL DNA in a form suitable for in- 
tegration into the chromosome of strain B. licheniformls SJ3047 
was constructed as follows: 

10 The substrate for PCR amplifications was pDN1981, which had been 
digested with Bglll. Primer #28902 was used together with primer 
LWN3216, at an annealing temperature of 45 °C. A correctly sized 
PCR product was obtained, digested with Sphl+PstI, ligated to 
the 3.6 kb Sphl-PstI fragment of pSJ2643, the ligation mixture 

15 then digested with EcoRI+Hindlll, and the 1.1 kb fragment 

(isolated from a mixture of fragments) ligated to the 4.4 kb 
EcoRI-Hindlll fragment from pSJ2739 (Fig. 10; described in WO 
96/23073 "DNA integration by transposition"). The ligation mix- 
ture was transformed into competent B • subtills DN1885 selecting 

20 erythromycin resistance (5 jxg/ml) at 30 °C. The recombinant 

plasmids were analyzed by restriction mapping, and the amyL pro- 
moter region on the plasmid designated pSJ4199 (Fig* 11) was DNA 
sequenced, using primer LWN3207, and found to have the desired 
sequence. "oriT(pUBHO) " denotes the cis acting sequence of 

25 pUBHO necessary for conjugative mobilization of the plasmid, 
see WO 96/23073. "PamyL 4199" denotes the variant amyL promoter. 

The variant amyL promoter was used to replace the amyL promoter 
found on plasmid pDN1981. It was excised as a 0.2 kb Sphl-PstI 

30 fragment from pSJ4199, and ligated to the 5.0 kb Sphl-PstI frag- 
ment from pDN1981. The ligation mixture was transformed into B. 
subtilis DN1885, selecting kanamycin resistance (10 |ig/ml) . Two 
transformants were kept, as SJ4277 (DN1885/pSJ4277 ; fig. 12) and 
SJ4278 (DN1885/pSJ4278) . "rep" denotes the pUBHO replication 

35 protein gene. 
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2B. Mobilization into B. licheniformls and chromosomal integra- 
tion. 

Plasmid pSJ4199 was transformed into competent cells of B . sub- 
5 tllis PP289-5 (dal-, pLS20, pBC16; WO 96/23073, example 4) se- 
lecting erythromycin (5 ng/ml) and tetracycline (5 ng/ml) resis- 
J tance on D-alanine (100 iig/ml) plates at 30 °C. 
Two transformants were kept, SJ4237 and SJ4238. . 

10 Each of these donor strains were used to transfer their plasmid 
into B . lichenifojrmis by conjugation, essentially as described 
in WO 96/23073, example 11. Transconjugants were almost exclu- 
sively tetracycline sensitive. 

One transconjugant derived from each donor strain was kept: 
15 SJ4258 (from SJ4237) and SJ4259 (from SJ4238) , both containing 
pSJ4199. 

These strains were streaked on LBPSG plates supplemented with 
chloramphenicol (6 pig/ml) and erythromycin (5 at 50 ° c 

20 overnight. Amylase positive colonies were obtained from each 
strain, and 4 such colonies from each strain were inoculated in 
TY medium without antibiotics at 30 °C for 3-4 subsequent trans- 
fers, to allow replication, excision, and loss of the plasmid. 
Amylase positive, erythromycin sensitive colonies were obtained 

25 from each transconjugant strain, and kept as SJ4270 (from 
SJ4258) and SJ4271 (from SJ4259) . 

2C. Test of variant promoter strain. 

30 The efficiency of the variant promoter was tested in shake flask 
experiments, in which a-amylase production from each of the in- 
tegrant strains was compared to a-amylase production from the 
control strain (the strain, from which SJ3047 was derived by de- 
letion of the promoter) . Incubation was in duplicate in BPX me- 

35 dium (EP 0 506 780), for 7 days at 37 °C, and a-amylase activity 
measured at day 2 , 5 and 7 * 
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The activity is given relative to the highest activity measured 
from the control strain. 



Strain 


Day 2 


Day 5 


Day 7 




yield 


yield 


yield 


control (l) 


8.5 


57 


90.5 


control (2) 


9.5 


65 


100 


8J4270 (1) 


13.5 


106.5 


170.5 


SJ4270 (2) 


14 


89.5 


155 


SJ4271 (1) 


12.5 


90.5 


174 


SJ4271 (2) 


14 


89.5 


170 



5 The variant promoter present in strains SJ4270 and SJ4271 is 
clearly improved with respect to a-amylase production, relative 
to the promoter of the control strain. 

Example 3; Construction of a strain contai ning two divergently 
10 transcribed expression cassettes. 

3A, Plasmid constructions: 

A plasmid was designed, in which an entire copy of the amyL gene 
was inserted between the UPS_PamyL segment and the PamyL_4199 
promoter on pSJ4199, so that the two amyL promoters on the re- 
15 suiting plasmid would read in opposite directions. 

Plasmids pSJ4338 (Fig. 13) and pSJ43 39 were constructed. These 
are almost identical to the integration plasmid pSJ4199, except 
for a few extra restriction sites introduced between the 
20 UPSJPamyL and PamyL_4199 segments. Plasmid pSJ4278 was used as 
template in a PCR amplification with primers #11312 3 and 
LWN3216. 

#113123: 
25 SphI Clal Bglll 

5 1 -GTCAGCATGCATCGATAGATCTTGGAAGAAAATATAGGG-3 1 
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LWN3216: 

5 • -GCTGCTGCAGAATGAGGCAG-3 1 

5 An amplified fragment of 0.19 kb was obtained, purified, and di- 
gested with SphI + Pstl. It was ligated to the 3 . 5 kb Sphl-PstI 
fragment of pSJ2643, the ligation mixture digested with EcoRI + 
Hindlll, the fragment of 1.13 kb purified, and ligated to EcoRI 
+ Hindlll digested pSJ2739. This ligation mixture was then 
10 transformed into competent DN1885 selecting erythromycin resis- 
tance (5 |ag/ml) at 30 °C. Three transf ormants were obtained. 
Strain SJ 4338 (DN1885/pSJ4338) contained a plasmid, which was 
correct as seen by restriction analysis, and the amyL promoter 
region was found to be correct by DNA sequencing. 

15 

Plasmids pSJ4372 and pSJ4373 (Fig. 14) were then constructed by 
insertion of the entire amyL gene into the above integration 
plasmid. Thus, pSJ4277 was digested with Bell + Bglll (+ with 
Ncol, to further digest the unwanted fragment) and the 2.8 kb 
20 fragment purified. This was ligated to Bglll digested pSJ4338, 
and the ligation mixture transformed into competent DN1885 se- 
lecting erythromycin resistance (5 \xg/ml) at 3 0 °C. Amylase 
positive transf ormants, deemed correct by restriction analysis, 
were SJ4372 (DN1885/pSJ4372 ) and SJ4373 (DN1885/pSJ4373) . 

25 

3B. Transfer to B . lichen! formis and chromosoma l integration: 
These plasmids were subsequently transformed into conjugative 
donor strain host PP289-5, resulting in strains SJ4378 and 
SJ4379 (both PP289-5/pSJ4373 ; Erm R Tet R Dal"). 
30 Plasmid pSJ4373 was transferred into B . licheniformis SJ3047 by 
conjugation as previously described. 

Transconjugants (4 using SJ4378 donor, 9 using SJ4379 donor) ap- 
peared after two days. 

4 strains were kept: SJ4395 and SJ4396 from SJ4378 donor, SJ4397 
35 and SJ4398 from SJ4379 donor. 
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The strains were streaked on LBPSG plates with erythromycin (5 
^ig/ml) at 50 °C, and 10 single colonies from each strain then 
inoculated into 10 ml TY cultures and propagated at 30 °C over- 
night. Cultures were then spread to single colonies on LBPSG 
5 plates, these plates incubated overnight at 30 °C, replica 

plated to LBPSG plates with erythromycin (5 ng/ml) , and erythro- 
mycin resistance and amylase phenotype scored after overnight 
incubation. Most colonies were erythromycin sensitive, but amy- 
lase negative. From one culture, however, was an erythromycin 
10 sensitive, amylase positive strain isolated. This was kept as 
SJ4414 . 

3C, Test of two-copy strain; 

The performance, in BPX shake flasks, of two-copy strain SJ4414 
15 was compared to that of SJ4270 (the corresponding one-copy 
strain) in two separate experiments. 

BPX shake flasks were incubated for 7 days at 37 °C, no antibi- 
otics added, and a-amylase activity measured. For each experi- 
ment, activities given are relative to the activity obtained 
20 from the one-copy strain. 



Experiment A 



Strain 


Yield 


pH of spent broth 


SJ4270 


100 


8.0 


SJ4414 


153 


7.5 


Experiment B 


Strain 


Yield 


pH of spent broth 


SJ4270 (1) 


100 


8.5 


SJ4414 (1) 


12 6 


8.0 



25 

Experiments A and B clearly demonstrate that the two-copy strain 
SJ4414 gave a higher yield as compared to the corresponding one- 
copy strain SJ4270. 

Further, SJ4414 samples were spread on LBPSG. All single colo- 



30 nies (about 30, from each flask, including those with low pH) 



i 

I 
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w re amylase-positive, indicating tlie stabl maintenance of the 
two integrated copies. 

revamp ift 4= chromosomal gene insertion in two successive steps. 

5 As an alternative to the construction pathway described above 
(example 3) a temperature sensitive, mobilizable vector pair was 
designed and constructed to allow for easy cloning and integra- 
tion of any expression cassette. The first vector contains two 
regions with homology to neighbouring segments of the host cell 

10 chromosome. In between, it contains a multilinker site and a 
large (e.g. 5 kb) segment of "neutral" DNA. The second vector 
contains only the large segment of "neutral" DNA, but has the 
multilinker site inserted in the middle of this segment, and in 
the opposite relative orientation as compared to the first vec- 

15 tor. The vectors and the strategy behind their use is illus- 
trated in the schematic drawing in figure 15. In addition to the 
previously defined notation, "segment A" denotes one half of the 
large "neutral" DNA segment, "segment b" denotes the other half 
of this segment, and "GFP" denotes a gene expressing Green Fluo- 

20 rescent Protein. 

As "neutral" DNA suitable for incorporation into production 
strains was chosen a composite of two segments from the Bacillus 
subtilis 168 pps gene region (Accession Number 234883 in Gen- 

25 Bank/EMBL) , taken from strain SJ2692 which is the B . subtilis 
strain used in the international genome sequencing programme . 
One segment is entirely internal in gene pps2 , the other segment 
entirely internal in pps4. They were chosen because they con- 
tained very few restriction enzyme sites, and because they, as 

30 cloned, would not be expected to encode any gene products. 

4A. Construction of vector for integration of first expression 
cassette copy: 

Plasmid pSJ4459 (figure 16) was constructed as follows: 
35 Chromosomal DNA from SJ2692 was PGR amplified with primers 
#119882 and # 119883. 
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#119882: 

ECORI Sphl<- Z34883 9964-9987 > 

5 1 -CAGTGAATTCGCATGCAGCAGGTAGTTCTATCAAACCG-3 1 

5 #119883: 

Hindlll Nhel*- Z34883 12565-12540 — -> 
5 • -GACTAAGCTTGCTAGCCGCTGGATGTTAATGGCATCTGGC-3 1 

The amplified 2.6 kb fragment was digested with EcoRI and Hin- 
10 dill, and ligated to EcoRI + Hindlll digested pUC19. The liga- 
tion mixture was transformed, by electroporation, into E. coll 
SJ2 selecting ampicillin resistance (200 ng/ml) on IPTG X-gal 
plates. Four white colonies were picked for plasmid preparation. 
All were correct, and could be digested with enzymes EcoRI, Hin- 
15 dill, SphI and Nhel. One strain was kept as SJ4459 

(SJ2/pSJ4459) . "Z34883 10-12.5" denotes the amplified fragment 
from pps2, 

Plasmid pSJ4461 (figure 17) was constructed as follows: 
20 Chromosomal DNA from SJ2692 was PCR amplified with primers 
#119884 and #119885. 

#119884: 

Xbal 4- Z34883 25234-25260 -> 

25 5 • -CAGTTCTAGACTTTTACAAT AGAAGG AAAAGTCACCC - 5 1 

#119885: 

Hindlll Bglll Sail SacII NotI Mlul Nhel Ncol 
5 1 -GACTAAGCTTAGATCTGAGCTCCGCGGCGGCCGCACGCGTGCTAGCCATGG 

30 

<- Z34883 28038-28015 -> 
-CCTCTAACAGATTTCGAGGGGCAG— 3 • 

The amplified 2.8 kb fragment was digested with EcoRI and Hin- 
35 dill, and ligated to EcoRI + Hindlll digested pUC19. The liga- 
tion mixture was transformed, by electroporation, into E. coli 
SJ2 s lecting ampicillin resistance (200 ng/ml) on IPTG X-gal 
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plates. Four white colonies were picked for plasmid preparation. 
Three were correct, and could be digested with enzymes Hindlll, 
Xbal, Bglll, Sail, SacII, NotI, Mlul, Nhel, Ncol. One transfor- 
mant was kept as SJ4461 (SJ2/pSJ4461) . "Z34883 25,2-28.0" de- 
notes the amplified fragment from pps4. 

Plasmid pSJ4498 (figure 18) was constructed as follows: 
Plasmid pSJ4459 was digested with EcoRI+Nhel (+ with Bsal to 
further digest the unwanted part) and the 2.6 kb EcoRI-Nhel 
fragment purified from an agarose gel. The fragment was ligated 
to EcoRI + Xbal digested pSJ4461, and the ligation mixture 
transformed (electroporation) into E. coll SJ6 selecting am- 
picillin resistance (6 ng/ml) . One strain was kept as SJ4498 
(SJ6/pSJ4498) . 

Plasmid pSJ4505 (figure 19) was constructed as follows: 
pSJ4498 was digested with SphI and Hindlll, and the 5.4 kb frag- 
ment gel purified. This was ligated to the 3.2 kb Sphl-Hindlll 
fragment purified from pSJ2643 (described above, figure 7), and 
the ligation mixture transformed (electroporation) into E. coli 
SJ6 selecting ampicillin resistance (6 (j.g/ml) . One transformant 
was kept as SJ4505 (SJ6/pSJ4505) . 

In order to allow visual screening for insertion of the second 
gene copy, a gene encoding green fluorescent protein was in- 
serted between the two pps gene segments in the first integra- 
tion vector. The first insertion of the gene of interest using 
this system would then render the cells GFP positive, whereas 
the correct insertion of the second copy of the gene of interest 
would render the cells GFP negative again. A plasmid expressing 
green fluorescent protein is pSJ4574 (figure 2 0) , described in 
EXAMPLE 1 and Fig. 3 in patent application DK 0792/97; and WO 
99/01562. "bioST" denotes the GFP gene, and "PamyQ" the promoter 
from the Bacillus amylollquefaciens alpha-amylase gene. 

Plasmid pSJ4581 (figure 21) was constructed as follows: 
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pSJ4574 was digested with PstI, and the 0.95 kb fragment gel pu- 
rified. This fragment was ligated to Nsil digested pSJ4505, and 
the ligation mixture transformed (electroporation) into E. coli 
SJ2 selecting ampicilin resistance (200 jig/ml) . One transformant 
5 was kept as SJ4581 (SJ2/pSJ4581) . 

Plasmid pSJ4587 (figure 22) was constructed as follows: 
PSJ4581 was digested with EcoRI + Bglll, and the 6.9 kb fragment 
gel purified. This fragment was ligated to the 5.0 kb EcoRI - 
10 Bglll fragment from pSJ2739 (described above, figure 10) , and 
the ligation mixture was transformed into B. subtilis DN1885 
competent cells selecting erythromycin resistance (5 |ig/ml) at 
30 °C. One transformant was kept as SJ4587 (DN1885/pSJ4587) . 

15 4B. Construction of vector for integration of second expression 
Cassette copy; 

Plasmid pSJ4465 (figure 23) was constructed as follows: 
Plasmid pSJ4459 was used as a substrate in a PGR reaction with 
primers #119882 and #119886, using 60 °C as annealing tempera- 
20 ture and only 10 amplification cycles. 

#119882: see above 

#119886: 

25 Hindlll NhelSacII Sail BglII<- Z34883 12565-12540 > 

5 1 -GACTAAGCTTGCTAGCCGCGGAGCTCAGATCTGCCGCTGGATGTTAATGGCATCTGGC-3 " 

The amplified 2.6 kb fragment was digested with EcoRI and Hin- 
dlll, and ligated to EcoRI + Hindlll digested pUC19 . The liga- 

30 tion mixture was transformed, by electroporation, into E. coli 
SJ2 selecting ampicillin resistance (200 jig/ml) on IPTG X-gal 
plates. Six white colonies were picked for plasmid preparation. 
Three were correct, and could be digested with enzymes EcoRI, 
Hindlll, SphI, Nhel, SacII, Sail and Bglll. One transformant was 

35 kept as SJ4465 (SJ2/pSJ4465) . 
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Plasmid pSJ4471 (figure 24) was constructed as follows: 
Plasmid pSJ4461 was used as a substrate in a PCR reaction with 
primers #119887 and #119888, using 60 °C as annealing tempera- 
ture and only 10 amplification cycles • 

5 

#119887: 

Xbal NotI Mlul Nhel Ncol <- Z34883 25234-25260 

5'- 

10 CAGTTCTAGAGCGGCCGCACGCGTGCTAGCCATGGCTTTTACAATAGAAGGAAAAGTCACCC- 
3' 

#119888: 

HindllK- Z34883 28038-28015 -> 
15 5 ' -GACTAAGCTTCCTCTAACAGATTTCGAGGGGCAG-3 ■ 

The amplified 2.8 kb fragment was digested with Xbal and Hin- 
dlll, and ligated to Xbal + Hindlll digested pUC19. The ligation 
mixture was transformed, by electroporation, into E. coli SJ2 
20 selecting ampicillin resistance (200 *ig/rol) on IPTG X-gal 

plates. 12 white colonies were picked for plasmid preparation. 
One was correct, and could be digested with enzymes Xbal, Hin- 
dlll, NotI, Mlul, Nhel, and Ncol. 
The strain was kept as SJ4471 (SJ2/pSJ4471) . 

25 

Plasmid pSJ4499 (figure 25) was constructed as follows: 
Plasmid pSJ4465 was digested with EcoRI+Nhel (+ with Bsal to 
further digest the unwanted part) and the 2.6 kb EcoRI-Nhel 
fragment purified from an agarose gel. The fragment was ligated 
30 to EcoRI + Xbal digested pSJ4471, and the ligation mixture 
transformed (electroporation) into E. coll SJ6 selecting am- 
picillin resistance (200 jag/ml) . A correct transformant was kept 
as SJ4499 (SJ6/pSJ4499) . 

35 Plasmid pSJ4507 (figure 26) was constructed by digestion of 
pSJ4499 with EcoRI + Hindlll, purification of th 5.4 kb frag- 
ment, and ligation to the 4.3 kb EcoRI -Hindlll fragment of 
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pSJ2739. The ligation mixture was transformed into B . subtllls 
DN1885 competent cells selecting erythromycin resistance (5 
Hg/ml) at 3 0 °C. One transformant was kept as SJ4507 
(DN1885/pSJ4507) • 

5 

4C. Insertion of a gene encoding Bacillus lichen! formls aloha- 
amvlase , amvL. into first and second integration vectors. 
Plasmid pSJ4457 (figure 27) was constructed. This is almost 
identical to pSJ4277, previously described (figure 12) except 

10 for a few extra restriction sites upstream of the mutant amyL 
promoter. It was constructed by ligating the 0.2 kb Sphl-PstI 
fragment purified from pSJ4338 (described in example 3A above, 
figure 13) to the 5 kb Pstl-SphI fragment of pDN1981, and trans- 
formation of the ligation mixture into DN1885, selecting kanamy- 

15 cin (10 ng/ml) resistance. One transformant was kept as SJ4457 
(DN1885/pSJ4457) . 

Plasmid pSJ4608 (figure 28) contains the amyL gene inserted into 
the first-copy integration vector, and was constructed as fol- 
20 lows: 

PSJ4457 was digested with Bglll and Hindlll, and the 1.9 kb 
fragment gel purified. This fragment was ligated to the 11.2 kb 
Bglll-Hindlll fragment from pSJ4587, and the ligation mixture 
transformed into competent DN1885 selecting erythromycin resis- 
25 tance (5 ng/ml) at 30 °C. An amylase-positive, GFP positive 
transformant was kept as SJ4608 (DN1885/pSJ4608) . 

Plasmid pSJ4606 (figure 29) contains the amyL gene inserted into 
the second-copy integration vector, and was constructed as fol- 
30 lows: 

PSJ4457 was digested with Bglll and Bell, and the 1.9 kb frag- 
ment gel purified. This fragment was ligated to Bglll digested 
pSJ4507, and the ligation mixture transformed into competent 
DN1885 selecting erythromycin resistance (5 ng/ml) at 30 °C. A 
35 transformant containing the amyL gene inserted in the desired 
orientation was kept as SJ4606 (DN1885/pSJ4606) . 



WO 99/41358 



26 



PCT/DK99/00064 



4D. Transfer to Bacillus licheniformis and chromosomal integra- 
tion of first integration vector, 

Plasmid pSJ4608 was transformed into competent cells of the con- 
5 jugative donor host strain PP289-5, selecting for erythromycin 
(5 ixg/ml) and tetracycline (5 |ig/ml) resistance on LBPSG plates 
supplemented with D-alanine (100 p.g/ml) , and a transformant kept 
as SJ4611 (PP289-5/pSJ4608) . 

10 Plasmid pSJ4608 was transferred into B . licheniformis SJ3047 

(described en example 1) by conjugation as previously described. 
An amylase positive, GFP positive transconjugant was streaked on 
an LBPSG plate with erythromycin (5 |ig/ml) and incubated at 50 
°C overnight. Six amylase positive, GFP positive colonies were 

15 inoculated into individual 10 ml TY cultures and shaken at 30 
°C. Cultures were then plated to single colonies on LBPSG at 30 
°C, and plates replica plated to LBPSG with erythromycin (5 
|ng/ml) . Putative erythromycin sensitive, amylase positive colo- 
nies were reisolated. The GFP positive phenotype was clearly 

20 visible after about one week on the plates. Two amylase posi- 
tive, GFP positive and erythromycin sensitive strains were kept 
as SJ4629 and SJ4630. 

4E. Transfer to Bacillus licheniformis and chromo somal inteara- 

25 tion of second integration vector. 

Plasmid pSJ4606 was transformed into competent cells of the con- 
jugative donor host strain PP289-5, selecting for erythromycin 
(5 ng/ml) and tetracycline (5 M-g/ml) resistance on LBPSG plates 
supplemented with D-alanine (100 *ig/ml) , and a transformant kept 

30 as SJ4609. 

Plasmid pSJ4606 was transferred into B. licheniformis strains 
SJ4629 and SJ4630 by conjugation from SJ4609. Two transconju- 
gants from each recipient were streaked on erythromycin (5 
35 |xg/ml) plates and incubated at 50 °C overnight. 12 colonies ap- 
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pearing at 50 °C from each recipient were inoculated into indi- 
vidual 10 ml TY cultures and shaken at 30 °C. This propagation 
was repeated once* Cultures were then plated to single colonies 
on LBPSG at 30 °C, and plates replica plated to LBPSG with 

5 erythromycin (5 jig/ml) . 

Erythromycin sensitive, GFP negative colonies were obtained from 
12 of the 24 cultures. 

Some strains kept were SJ4669, SJ4670 and SJ4671 (from separate 
TY cultures, from SJ4629 recipient), and SJ4672, SJ4673 and 
10 SJ4674 (from separate TY cultures, from SJ4630 recipient) . 

4F. Test of two-copv strains. 

Strain SJ4270 (the single-copy strain), SJ4629 and SJ4630 
(single-copy strains expressing also GFP, and containing the pps 
15 gene segments inserted) , and the two-copy strains SJ4669-SJ4674 
were tested in BPX shake flasks, incubated at 37 °C for one 
week, and a-amylase activity measured. The yield is expressed in 
percentage of the yield obtained with the control one-copy 
strain, SJ4270. 



Strain 


Relative yield 


SJ4270 


U> 


100 


SJ4270 


(2) 


94 


SJ4629 


(1) 


78 


SJ4629 


(2) 


75 


SJ4630 


(1) 


47 


SJ4630 


(2) 


47 


SJ4669 


163 


8J4670 


159 


SJ4671 


159 


SJ4672 


141 


SJ4673 


143 


SJ4674 


143 
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The surprisingly low yield obtained with strain SJ463 0 was pr - 
sumably due to a later detected contamination of this strain. 

Strain SJ4671, which by Southern analysis (see below) was con- 
5 firmed to harbour the two copies of the amyL gene inserted as 
intended, in opposite orientation, was chosen for further 
analysis by fermentation in a laboratory fermentor. On day 4 of 
the fermentation, a sample of the SJ4671 culture was plated on 
LBPG plates with dyed amylopectin to check for the amylase phe- 
10 notype. The 800 colonies appearing were all amylase positive to 
the same extent, reflecting the stability of the strain. 

10 of these colonies were inoculated into BPX shake flasks, with 
SJ4671 from the frozen stock via a plate as control, with the 
15 following result (7 days, 37 °C) . 



strain 


Relative yield 


SJ4671 


100 


Colony l 


81 


Colony 2 


94 


Colony 3 


94 


Colony 4 


88 


Colony 5 


102 


Colony 6 


96 


Colony 7 


92 


Colony 8 


106 


Colony 9 


88 


colony 10 


90 



The yield from SJ4671 in this experiment was 102 % of the yield 
of SJ4671 obtained in the first experiment. 
20 Thus, the single colonies picked after fermentation are all giv- 
ing yields equivalent to the yield from the original SJ4671 
strain, reflecting the stability of the strain. 



25 
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4G. Southern analysis. 

Chromosomal DNA from strains SJ3047, SJ4270, SJ4629, and two- 
copy strains, including SJ4671, was extracted and analysed by 
southern blot hybridizations- DNA preparations were digested 
5 with Hindlll, or with Hindlll + Kpnl, and the DNA fragments 

separated by agarose gel electrophoresis were transferred to Im- 
mobilon-N (Millipore) membrane by vacuum blotting. The membrane 
was probed with biotinylated plasmid pDN1981 DNA, using the NE- 
Blot Photope Kit and Photope Detection Kit from New England Bio- 
10 labs . 

Plasmid pDN1981 used as probe contains the entire Termamyl gene 
(on a 2-4 kb SphI -Hindlll fragment), the pUBHO origin and rep 
gene, and the kanamycin resistance gene. 

15 

The resulting blots reveals from strain SJ3047 a 4.2 kb Hindlll 
fragment, as expected. 

From strain SJ4270, a 3.3 kb Hindlll fragment is revealed. 
From strain SJ4629, a 9.6 kb Hindlll fragment is revealed. 
20 From strain SJ4671, 10.6 kb Hindlll fragment is revealed. 

Finally, strain SJ4671 DNA digested with both Hindlll and Kpnl 
reveals fragments of 5.2 kb, 4.2 kb and 1.3 kb. 

This hybridization pattern is as expected from the desired two- 
copy strain, confirming the correctness of strain SJ4671. 
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CLAIMS 

1. A prokaryotic cell expressing a gene of interest 
characterised in that, 

5 i) the cell comprises on the chromosome two anti- 

parallelly transcribed copies of said gene of 
interest; and 

ii) any DNA segment situated between the two copies of 
the gene of interest under item i) only comprises a 
10 DNA sequence which is not essential for the growth 

of the cell. 

2. A method for constructing a prokaryotic cell expressing a 
gene of interest comprising the construction of a cell wherein 

15 i) the cell comprises on the chromosome two anti- 

parallelly transcribed copies of said gene of 
interest ; and 

ii) any DNA segment situated between the two copies of 
the gene of interest under item i) only comprises a 
20 DNA sequence which is not essential for the growth 

of the cell. 

3. The prokaryotic cell according to claim 1, or the method 
according to claim 2, wherein said gene is a gene which is 

25 capable of expressing a polypeptide which are secreted from 
the cell. 

4. The prokaryotic cell according to claims 1 or 3, or the 
method according to claims 2 or 3, wherein said gene encodes 

30 an enzyme. 

5. The prokaryotic cell according to any of claims 1 or 3-4, or 
the method according to any of claims 2 or 3-4, wherein said 
prokaryotic cell is a Bacillus cell. 

35 

6. The prokaryotic cell according to any of claims 1 or 3-5, or 
the method according to any of claims 2 or 3-5, wherein said 
DNA segment, which is situated between two copies of said 



WO 99/41358 



31 



PCT/DK99/00064 



gene, is at least 10 bp long, more preferably from 10 bp to 
6000 bp, and even more preferably from 75 bp to 4500 bp long. 

7. The prokaryotic cell according to any of claims 1 or 3-6, or 
the method according to any of claims 2 or 3-6, wherein said 
DNA segment, which is situated between the two copies of the 
gene of interest, does not comprise an antibiotic resistance 
marker gene. 

8. A method for production and isolation of a polypeptide of 
interest, comprising 

i) culturing a prokaryotic cell according any of claims 
1 or 3-7 under suitable conditions permitting 
expression of the polypeptide of interest encoded by 
the gene of interest; and 

ii) isolating the polypeptide of interest. 

9. The method for production and isolation of a polypeptide of 
interest of claim 8, wherein the culturing of a prokaryotic 
cell of item i) is done under conditions wherein the 
polypeptide of interest is expresses in an amount of at least 
2 g polypeptide (dry matter) / kg culture medium. 

10 . The method for production and isolation of a polypeptide of 
interest of claim 8, wherein the culturing of a prokaryotic 
cell of item i) is in a fermentation process on a volume scale 

which is > 10 m 3 . 
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